ABSTRACT: Fermentation of coffee mucilage is a spontaneous process caused by microorganisms growing in the environment, which is influenced by factors such as the coffee variety, climate and fruit maturity. These external factors play an important role in fermentation evolution because they have effect on the microorganism activity and the time for substrate transformation. The aim of this research was to asses different fermentation wet process and evaluate their effect on coffee quality (C. arabica ), as well as on organic acid concentrations and volatile organic compounds content, in the green coffee beans. The study was divided in two phases, one in which the pulping time was delayed and the fermentation methods were modified, and the second phase in which a bioreactor was used to control the pH and temperature of the coffee mass during fermentation. Two control treatments were used: without fermentation (mechanical removal of mucilage) and the traditional fermentation done in the farm. Significant differences in coffee quality were observed. The best quality was obtained from the treatments that used short process times and low temperatures. The concentrations of acetic, lactic and citric acids between the treatments and the control treatments were different. Higher contents of esters and ketones were found in the coffee that obtained the highest quality. The assessed processes lead to the conclusions that it is possible to improve coffee quality throughout introducing changes in the fermentation process, as well as modulating the acidity and fragrance of the final product.
INTRODUCTION
Growing specialty coffee market is a response of customers desiring to pay more for unique attributes in the beverage. In that regard, the fermentation stage plays one of the most important roles due the wide variety of modifications that have effect on the flavors and tastes (FOLMER 2014 , LEE et al., 2015 POLTRONIERI; ROSSI, 2016) . Coffee quality is an outcome not only of the intrinsic grain characteristics but for a combination of the environmental characteristics of the place it is grown (altitude, climate, and soils, among others), the ripeness at which it is harvested, and the post-harvest process carried out (JOËT et al., 1,2,3 Universidad Nacional de Colombia -Sede Medellín -Escuela de Química -Carrera 65 # 59A-110 -Medellín -Código Postal 050034 -Colombia -aepenuelam@unal.edu.co, adzapata@unal.edu.co, dldurango@unal.edu.co 2010; TOLEDO et al., 2016) . The wet method, which is a post-harvest process used to maintain the mildness of the Arabica coffee, involves the mechanical removal of the fruit skin (exocarp or pulp) to expose the jelly layer (mesocarp or mucilage) adhered to the bean's surface. Then pulped coffee is put into tanks to perform mucilage degradation by spontaneous fermentation, to facilitate mucilage removal by washing. In the mucilage degradation process, microorganisms in the environment use mucilage as a substrate for their metabolic processes to generate organic acids among others. The wet process of coffee is associated with a higher acidity, which leads to a Performance of different fermentation methods ... 466
MATERIALS AND METHODS
There were used coffee fruits of C. arabica. (Caturra variety) from a plantation located at an altitude of 1.940 m in Ciudad Bolívar, AntioquiaColombia. A vertical cylinder pulper was used to remove the coffee fruit outermost skin, with no use of water for the process itself, as well as for the transportation of the pulp and pulped beans. An after-pulping size classification was performed in a cylindrical screen. The research work was divided into two phases. The first phase consisted in assessing the different fermentation strategies, to obtain a higher coffee quality and choose the best strategy to be used in the second phase. In the second phase, a bioreactor was used to control pH and temperature within the mass of coffee during fermentation. The pH and temperature of coffee mass were monitored during the fermentations.
In order to run the first phase and determine the fermentation strategy that results in better coffee quality, two factors were evaluated; pulping delaying time and the fermentation method. The two delaying times were t1 (6h±1h) and t2 (16h± 1h), meaning the pulping at the same day and pulping a day after harvesting, respectively. The fermentation methods were: fermentation for 24 h (F24), fermentation for 48 h with an addition of freshly pulped coffee at hour 24 (MF), and fermentation for 72h with addition of freshly pulped coffee at hour 24 and addition of water at hour 48 (WF). These fermentations were evaluated to allow changes in the microbial activity conditions. The experimental unit randomly assigned to each treatment was 60 kg of pulped coffee. Two control treatments were used: a negative control (without Fermentation), which is the mechanical removal of mucilage of pulped coffee, and a standard control (traditional fermentation), which consists in performing a spontaneous fermentation during 16 h. Once the treatment with the best results was selected, the first phase was concluded.
To conduct the second phase in the bioreactor, it was selected the treatment of the first phase that generated the highest final score in the sensory analysis. The stainless-steel bioreactor was a 35 L stirred fermenter tank with a water jacket to heat-up or cool-down the coffee mass, according to the desired temperature (Designed by Centricol®, Colombia). With the characteristics and physical properties of the coffee mass under a fermentation process, it was selected a helical belt propeller because it causes low shear stresses to viscous fluids with suspended particles. better cup qualification. This process is widely used in different coffee-growing countries to enhance coffee quality, because it plays a significant role in modulating the quality since the variation of each factor contributes to the composition of coffee, the formation of the aroma and the flavor precursor compounds that can produce different sensory experiences (JOËT et al., 2010; SUNARHARUM; WILLIAMS; SMYTH, 2014) . Since acidity and fragrance are two important attributes of the sensory analysis, correlating the fermentation practices with the organic acids and volatile organic compounds (VOCs) in green coffee beans is crucial because these compounds are precursors of other compounds formed through roasting, which are important for the development of the taste and aroma of coffee (TOLEDO et al., 2016) .
Studies on coffee fermentation have been performed with the aim of improving the wet process. For example, some research works have reduced the fermentation time (SILVA et al., 2013; PEÑUELA et al., 2010; TAI et al., 2014) , inoculated microorganisms to improve quality (LIN, 2016; PEREIRA et al., 2015 , PEREIRA et al., 2016 VELMOUROUGANE et al., 2008) , or controlled the process to avoid deterioration of the product quality (JACKELS; JACKELS, 2005; PEÑUELA et al., 2012) . However, the effect of different coffee fermentation methodologies on both quality and chemical composition is scarce. Coffee growers sometimes use traditional practices to conduct fermentation, which affect the development of the process and causes differences in coffee quality. These practices include maintaining the coffee fruits for longer times before pulping, adding up freshly pulped coffee to coffee with a fermentation process in progress and adding water during processing. Temperature and pH are critical variables in the evolution of fermentation. When spontaneous fermentation occurs, the mass temperature of coffee increases between 4 to 8 °C, and pH decreases down to values between 5.5 to 4.0, or even lower (AVALLONE et al., 2001; CORREA et al., 2014; CORDOBA-CASTRO et al., 2016; JACKELS; JACKELS, 2005; VELMOUROUGANE, 2013) . However, the effect of controlling these parameters during fermentation on the coffee quality is unknown.
The coffee quality could be improved changing the fermentation stage, which would produce better prices in the market. The aim of the present paper was to determine the effect of some common practices carried out by coffee growers in both the beverage quality and the chemical composition of the beans. Furthermore, the effect of maintaining the pH and temperature constant during the fermentation process using a bioreactor was evaluated. The agitation was performed by one minute every two hours. A randomized experimental design, with two temperature levels (17 °C and 23 °C) and three pH levels (without control, 5,0 and 4,0) was followed. The experimental unit consisted of 30 kg of pulped coffee. One standard control, fermentation for 24 h was adopted. During the first phase, the environment temperature varied between 17,0 and 22 °C, while it varied between 15,2 and 28,6 °C during the second phase.
For the sensory analysis, the coffee samples from the fermentation treatments were washed to remove the degraded mucilage. Then, they were dried with forced air at 50 °C down to a moisture of 11 % ±1,0% w.b. Finally, an expert panel with five trained coffee cuppers with Q-Grader certification evaluated the samples. The coffee cuppers considered all the important flavor attributes of coffee using the Specialty Coffee Association of America protocol for roasting, preparation and analysis (SCA, 2015) . Each of the five cuppers evaluated five cups of each coffee sample. The attributes for the sensory profile were fragrance/ aroma, uniformity, cleanliness, sweetness, flavor, acidity, body, aftertaste, balance and overall impression. Each attribute was evaluated in the 10-point scale and the final qualification is given in a 100-point scale. The response variable was the final score, which was obtained by adding the individual scores given to each attribute to represent the overall coffee quality. The highest final score indicates the best classification of coffee quality. The median of the attributes and the final score was chosen as a robust measure of central tendency for this type of analysis.
In order to perform the chemical analysis, washed coffee samples of 50 g were taken and then stored at -20 °C, until analysis. To keep the coffee composition unaltered, the samples of coffee beans were washed and frozen at -80 °C overnight and then lyophilized for 48 h until moisture went down to a range between 9% and 13% w.b. Subsequently, the samples were subjected to cryogenic grinding (<100 mm). Ground samples were kept frozen at -20 °C in plastic containers until the analysis. The moisture content of the ground coffee was estimated after drying 0,2 g completely in an oven at 105 °C for 24 h (International Organization for Standardization ISO:6673, 2003) .
For the organic acid extraction, the procedure described by Evangelista et al., (2014) was used, including the following modifications: 0,5 g of the sample was combined with 5,0 mL of Milli-Q water. Then, the mixture was set to vortex for 2 min and allowed to reach steady state for 10 min before undergoing a double centrifugation at 10000g, at 4 °C during 10 min. To clarify the samples, the Carrez reagent (RODRIGUES; BRAGAGNOLO, 2013) was added and the samples were centrifuged again for 5 min at 1585g. The supernatant was micro-filtered through a 0,45 μm nylon membrane and stored at -20 °C until analysis. The samples were prepared in triplicates. The contents of the malic, citric, lactic, acetic, succinic and quinic acids were determined by HPLC using a Shimadzu Prominence 20 A chromatograph, which was equipped with a diode array detector, using a column Synergi 4U Hydro-RP 80 A (250 mm × 4,6 mm) operated at 25 °C-29 °C. Acids were eluted at a flow rate of 0,7 mL/ min, with the mobile phase buffer phosphate at 20 mM and pH level of 2,90 for 45 min. The injection volume was 20 μL. The organic acids were monitored at a wavelength of 205 nm. The identification was performed by co-elution with analytical standards of each acid (purity > 99 %, Sigma-Aldrich, Pennsylvania, USA). Quantification was conducted using calibration curves (peak area vs. compound concentration) for concentrations of 5-300 mg/L. All concentration curves presented with high linearity (correlation coefficient greater than 0.99).
In order to determine differences in volatile organic compounds, the samples corresponding to the control treatments and the highest and lowest final score in sensory analysis were chosen. For extraction of volatile compounds, 0,5 g of ground coffee were placed in Solid Phase Microextraction (SPME) vials. The samples were placed for 30 min in an oven at 35 °C to reach sample headspace equilibrium. The compounds were trapped by means of Carboxen/poly(dimethylsiloxane) (CAR/PDMS) type 75 mm SPME fibre (Supelco Co.). Desorption process was done in the GC injection port for 3 min at 280 °C in splitless mode. The separation process for the chromatography analysis was performed with a DB-WAX capillary column measuring 50 m x 320 mm in an Agilent HP 6890 GC chromatograph, which coupled to Agilent HP 5973 Mass Spectrometer where detection was done. The carrier gas was helium with a flow was 1,2 mL/min. The column temperature was programmed from 40 to 110 °C at 7°C/min and then at 10°C/min until 280 °C.
The mass were scanned from 40 to 550 amu at a scanning rate of 2,89 scans/s. Ionization method used was electronic impact with an ionization energy of 70 eV. The compound identification was performed in accordance with the mass spectrum comparison with the databases (Wiley 275 Mass Spectral Data and NIST 98 Mass spectral Library). The probability of this relationship in all cases was greater than 80%. Furthermore, the concentration was related to the area under the curve of each chromatographic peak.
Data analysis was conducted using the Statistical Analysis System program (Cary, NC, USA) for ANOVA (α=0,05). The Tukey and Dunnett tests, with a 5 % significance level were applied to compare the treatments and controls, which were evaluated separately in order to obtain the treatment with the best quality. Multidimensional scaling (MDS) analyses were applied to the means of the organic acids and volatile organic compounds using the R program (version 3.3.1.).
RESULTS AND DISCUSSION
According to the sensory analysis (Table  1) , the final score obtained in all treatments was higher than 80 points; the coffee obtained in this study was classified as Premium according to the SCA scale. The control treatments assessed in this research showed that quality was associated with the intrinsic characteristics of the Arabica species, wet process and growth conditions, such as soil and climate (JOËT et al., 2010) . ANOVA showed that the interaction of factors, such as pulping delaying time and fermentation methods, affected the final coffee quality (p=0,0383). The treatments applied indicated a higher quality than the standard and negative controls.
In general, the temperature of the mass of coffee in the fermentation processes was between 18 and 22 °C and the pH values decreased from 5,89 to 3,77. The lowest final score in quality was obtained by the treatment with the longer time (t2-WF); this fermentation had a final pH value below 4,00. Other treatments with high qualifications showed final pH values above 4,10. According to Jackels and Jackels (2005) , the final coffee quality is better when the pH value is higher than 4,00 at the end of the fermentation.
Uniformity, cleanliness and sweetness obtained the maximum score (10 points) in all samples (Data not shown). Therefore, neither astringency or 'green' flavors nor negative impressions were found. Moreover, this indicate the consistency of flavor in the five cups of each several coffee sample considered by the coffee cuppers.
Differences in the other attributes scores were detected between the samples with high final scores and the standard and negative controls, mainly in acidity, fragrance, body and flavor (Table 1) . Treatments with t2 tend to obtain the highest score in body and fragrance attributes. The main organoleptic descriptors were fruity, with citric and red berries notes, although the cuppers were not consistent. This indicates the variations of the perceptions of the panelists, which was also noticed by Pereira et al., (2017) . Acidity and fragrance can be related with microbial activity because of organic acids and aromatic compounds production. The processes occurring naturally within the fruit affect the coffee beverage. Therefore, the longer time between harvest and pulping process could be influencing these results. For example, the differences in characteristics, such as sweetness and body, have been identified to depend on the type of process. When the fruit remains whole in the drying process, the coffee beverage has a high sugar content and full body because of the metabolism of the beans (KNOPP et al., 2006) . Moreover, the different pulping delaying times have been assessed and found to have no negative effects on coffee quality, in the specific varieties and environmental conditions (CAIXETA et al., 2013) .
The treatment t2-F24 presented significant differences in quality with the control treatments and was classified as Excellent specialty coffee according to SCA, as it obtained a higher final score of 86 points. Therefore, this treatment was selected to perform the fermentation in the bioreactor with pH and temperature control.
Fermentations with pH and temperature control was conducted for 24 h on coffee pulped the day after harvest (16h±1h) ( Table 2 ). The ANOVA showed a significant effect of the interactions of pH and temperature on coffee quality (p=0,0347). The final score tends to be higher when the fermentation was conducted at low temperature. However, neither pH control nor temperature control produce significant effect on coffee quality separately (p=0,2983 and p=0,1587 respectively). The fermentation processes in the bioreactor showed that the final score was significantly high in the coffee obtained at 17 °C and pH 5,00, having the highest qualifications in acidity, fragrance and body.
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The other treatments did not present statistical differences in quality probably because of the tight variation range of the temperature and pH control in the process. Additionally, it is important to consider that, due to the exothermic behavior of the fermentation process, the temperature inside the coffee fermentation tank can increases 4,6 °C (CORREA et al., 2014 ) until 8,0 °C (PEÑUELA et al., 2010 VELMOUROUGANE, 2013 ) during a fermentation process for 16 h. The changes in this variable along the process can be difficult to control. Generally, the pH and temperature conditions controlled by the bioreactor generate coffee with quality comparable with that obtained by the effect of fermentation strategies of the first phase. 
Organic acid composition
Most of the acids analyzed in this research are part of the chemical composition of a coffee bean given by fruit metabolic processes (FLAMENT 2002). Quinic, citric, malic and acetic acids were identified as the result of the development and maturity process of coffee fruits (ROGERS et al., 1999) . Conversely, lactic acid in coffee has been related with metabolic activity of microorganisms (LÓPEZ et al., 1989 , AVALLONE et al., 2001 EVANGELISTA et al., 2015; JACKELS; JACKELS, 2005; PEREIRA et al., 2016) . However, all acids identified can also can be substrates or precursors related to the different fermentation processes assessed. The concentrations of quinic, citric and malic acids determined in this research were in the average values reported from the green beans of Arabica coffee (5,5, 7,6 and 4,1 mg/g d.b., respectively) (JHAM et al., 2002; ROGERS et al., 1999) . Tables 3 and 4 present the acid concentration values corresponding to the average obtained by the extraction of the samples at the end of each treatment. The final concentrations of quinic, malic and succinic acids did not present variations that can be attributed to the fermentation strategies evaluated. The interaction among the factors, pulping delaying time and fermentation method (Table 3) . Treatments with longer times (t1-MF, t1-WF, t2-MF and t2-WF) showed the highest concentration of acetic and citric acids, meanwhile the greatest accumulation of lactic acid was associated to the longest pulping delaying time used in the evaluation.
In the same way, the fermentations conducted under combination of temperature and pH control in the bioreactor (Table 4) , ANOVA showed a significant effect on the malic, quinic, lactic and acetic acid concentrations (p=0,0007, 0,0006, 0,0002 and <0,0001, respectively) . The highest values of acetic, lactic and quinic acid seemed to be associated with a high fermentation temperature. The treatment performed at 17 °C and pH 5,0 obtained the most representative difference given by the low concentration of lactic acid. Furthermore, the main differences with the standard control were obtained with the coffee from fermentations conduced to 23 °C.
The previous results are explained as follows. Quinic acid is part of the natural chemical composition of green coffee beans, as it forms the molecular structure of chlorogenic acids along with caffeic acid. The quinic acid concentration was not altered by the fermentation processes applied in the first part of this study. Consequently, the microorganisms that contributed in the treatments did not use quinic acid as a carbon source. Nevertheless, under the conditions of the bioreactor, treatments at 17 °C showed a slight decrease in quinic acid compared with the other fermentation processes. This result suggests that microbial population could be stimulated under these conditions and use this compound as a substrate, reducing its concentration. Conversely, the increase in quinic acid concentration in coffee is directly related to the degradation of chlorogenic acids during roasting; this compound is also related to the astringency and body of coffee (SCA 2015) .
Citric and malic acids produce a beverage with pronounced acidity. However, they are not desirable in high concentrations because they can create an acidic and astringent taste (FLAMENT, 2002) . These acids presented higher values in t1-MF. The concentration of succinic acid seemed to be associated with the low process time or low fermentation temperature, as this compound was not detected during longer fermentation and when the process temperature was 23 °C.
Conversely, the variation in the fermentation strategy directly affected the acetic acid production, as demonstrated by the difference in concentration between the treatments and the controls (Dunnett test). The higher levels of acetic acid were related to higher process times (t1-MF, t1-WF, t2-WF and t2-MF) or with a higher fermentation temperature (23 °C). Other studies reported that the accumulation of this compound in coffee occurs in the environmental temperature of 22 °C or when the fermentation time is greater than 20 h (BERTRAND et al., 2012) . High acidity is known to be produced during fruit development and in the fermentation of coffee grown at high altitudes (low temperature) (BERTRAND et al., 2006) . This condition has been found to influence the environmental conditions of some compounds in coffee, such as chlorogenic acids, lipids and sugars (JOËT et al., 2010) . The concentrations of some organic acids are presumed to have the same behavior. The presence of acetic acid in coffee is related to the vinegar taste in the beverage; therefore, its excess production during fermentation is not recommended. During the fermentation process carried out for over 44 h, overfermented coffee beans and a vinegar taste were present along with an acetic acid concentration of 0,471 mg/mL (LÓPEZ et al., 1989 ). This value is higher than that reported in the current research (25,48 mg/g coffee d.b. or 0,172 mg/mL). Furthermore, none of the coffee samples analyzed in the sensory analysis reported a vinegar taste or a defect in cup.
In lactic acid production, the fermentation conditions at the highest temperature (23 °C) or the longest processing time, including the addition of water at the end of the process, generated a high concentration of this compound. Lactic acid is as a product of fermentation that increases during the process time, and its accumulation has been related to the decline of the pH value (AVALLONE et al., 2001; JACKELS; JACKELS, 2005; PEREIRA et al., 2016) . Lactic acid bacteria are included in the microbial community involved in coffee fermentation (AVALLONE et al., 2001; EVANGELISTA et al., 2015; LÓPEZ et al., 1989; PEREIRA et al., 2016) . The highest concentration of lactic acid coincided with the pH value of 3,77 in coffee fermentation mass.
The processes assessed showed that changing the development of fermentation is possible. Changes in the organic acid concentrations support this claim. In addition, CHAVERRA, (2016) found that microbial composition associated with these coffee fermentations changed according to the different conditions applied.
The spatial map generated by the application of Multidimensional Scaling (MDS) in the six organic acid concentrations facilitated the understanding of the relationship among the different coffee fermentation processes ( Figure  1 ). Points that are close together represent similar treatments. Points far apart represent dissimilar treatments. For the fermentation strategies, ( Figure  1a ) coffee was classified into three groups, and one treatment (t1-F24) that coincided with the low concentration of lactic acid. Group 1 corresponded to the standard and negative controls, these treatments had the lowest means of acetic acid and the lowest final score. The groups 2 and 3 was composed of treatments with different level of pulping delaying time thus indicating the effect of this condition on the composition of organic acids in green coffee beans, furthermore, were associated with coffee quality. The groups coincided with a high lactic acid concentration (Group 2) and the highest mean concentrations of acetic and malic acids (Group 3); the coffee from Group 3 was classified as specialty. Figure 1b shows two groups and two individual treatments. These groups reflected the effect of temperature on organic acid concentrations; because of the groups were conformed by treatments with the same level of temperature and similar concentrations of acetic and lactic acids mainly. Moreover, the graphical representation shows the dissimilarities between the control treatments and the coffee obtained by different methods to conduct the fermentation processes. The standard control and the treatment 17 °C and pH 4,0 were different from the groups; because both had intermediate values of acetic acid and high lactic acid concentrations. Finally, the application of MDS correctly classified the coffee treatments according to the different fermentation processes, and it coincided with the results of coffee quality, especially the dissimilarities found in the control treatments.
Volatile Organic Compounds
Twenty-two volatile compounds were identified by the HS-SPME/GC-MS, which were grouped in eight alcohols, seven esters, three aldehydes, two acids and two ketones ( Table 5) . The compounds associated with thermal origin in green coffee such as furans and pyrroles, are produce in the drying stage, because they were not found in the freeze-dried samples (lyophilisation). Most of the compounds have been identified in green coffee beans and linked with the postharvest process (FLAMENT, 2002; ) , especially with the fermentation stage (GONZALEZ-RIOS et al., 2007) . Alcohols and esters were the most abundant in the HS of green coffee, mainly ethanol and ethyl acetate, respectively. Furthermore, these chemical classes are important because of their aroma prolife is related with pleasant, fruity and floral notes. The acids, alcohols and esters were formed mainly because of microbial activity. Therefore, the lowest values of these chemical classes were for the negative control (without fermentation), which also had the lowest value in the fragrance attribute.
Composition of green coffee beans from the fermentation processes was different and produced samples richer in volatile compounds. Even though the alcohols were the main chemical class, different concentrations in the other classes were found. For example, the main compounds of the samples corresponding to highest quality qualification (t2-F24, 17°C-pH5,0 and 23°C-pH4,0) were esters mainly ethyl acetate, ethyl isovalerate and 3-methyl-1-butanol acetate (isoamyl acetate) which fruity odor. On the other hand, ketones (3-hydroxy-2-butanone and 2,3 butanodione) in the sample corresponding to 23 °C-pH 4,0, can be considerate important given their characteristics of aroma. These treatments as part of Group 1, agree with the MDS analyzes (Figure 2 ). On the other hand, samples corresponding to lowest quality score showed a higher concentration of aldehydes and acids, such as acetic acid, and acetaldehyde and hexanal, the latter related with insect damaged beans, which can cause undesirable flavors and odors (TOCI; FARAH, 2008) . The similarity map shows the Group 2, composed by the samples corresponding to control treatments, exhibited low concentrations of alcohols, esters and ketones. In addition, the similarity map also shows two treatments with dissimilarity; t2-WF and 23 °C-pH WC, that differ mainly in the alcohols and acids content. Different contents of compounds in the samples suggest the possibility of modifying the composition through fermentation processes conducted under different conditions. These results suggest changes in microbial activity in the processes, given the variations to perform the fermentations. A similar behavior was observed in the composition of volatile organic compound from green coffee beans inoculated with yeast in dry method (EVANGELISTA et al., 2014) and in different regions of coffee production in Brazil with different conditions of air temperature (EVANGELISTA et al., 2015) .
It is known that the aroma and taste of coffee develop during roasting (RIBEIRO et al., 2009) . However, the final quality depends on the quality of the green bean, which in turn shows the characteristics given by the species and process type, in which fermentation has an important part in the formation of compounds as result of the metabolism of the microorganisms in the process. The utility of the results shown in this research work demonstrate the possibility of improving the coffee quality by using different fermentation techniques.
CONCLUSIONS
The fermentation processes assessed increased the coffee quality regarding the control treatments. Therefore, this study is the first to show that variations in the coffee fermentation process and variables control, such as pH and temperature, increase the coffee quality under the environmental conditions, variety and methods applied in this research.
The fermentations applied facilitated the production of organic acids as substrates or precursors along with organic compounds, depending on the carried fermentation process. The results suggest that is possible modulate the beverage acidity as well as the fragrance/aroma through organic acids production and alcohols, esters, ketones in a synergistic combination, and this can promote differentiated profiles in order to satisfy the requirements of specialty coffees.
Finding the best strategy to conduct fermentation processing is possible without requiring microorganism inoculation, which becomes a complex process in the conditions of coffee farms. Acetic acid was the main compound that changed its concentration because of variations in the fermentation process. The concentrations of the acids identified were not associated with quality damage.
